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Updating Class A pan coefficients (Kp) for estimating reference evapo-
transpiration (ETo) in the humid tropical region of Kerala
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Abstract

Evapotranspiration and evaporation are important parameters in water resource management and environment studies.
This paper analyses six models for estimating pan coefficient (Kp) values in the humid tropical zone of Kerala.  Estimated
pan coefficients were not statistically accurate enough to be used for pan-to-ETo conversion.  A significant increasing
trend was observed for pan coefficient, whereas for evaporation and evapotranspiration, significant decreasing trends
were observed over time.  For the humid climate condition, the best Kp value for estimation of ETo is the constant value
method and this constant value of Kp is to be updated for different climatic conditions.
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Estimating evapotranspiration is important in water
balance studies, water supply planning, and irriga-
tion scheduling (Synder, 1992).  There are many
empirical methods available for estimating reference
evapotranspiration (ETo).  The globally accepted
Modified Penmann-Monteith method, however, re-
quires substantial weather data.  Reliable estimates
of ETo using pan evaporation (Epan) depends on the
accurate determination of pan coefficients (Kp).  For
computing Kp values also several empirical models
are available.  In this study six such models were
compared to find out the best one for the humid tropi-
cal region.  Also an attempt was made to determine
the trend in Kp values due to climate change.

Data on temperature, relative humidity, wind speed,
sunshine hours, and evaporation collected from
Centre for Water Resources Development and
Management (CWRDM) station at Calicut
(11°17’07’’ N and 75°52’15’’E; 60 m altitude) for

the period from 1986 to 2010 (25 years) were used.
Monthly and yearly ETo values were computed
using CROPWAT 8.0 software and Kp values
estimated using the following six empirical models:
a) Doorenbos and Pruitt’s Table (Doorenbos and

Pruitt, 1977)
b) Cuenca (1989): Kp = 0.475 – 2.4 x 10–4U + 5.16

x 10–3H + 1.18 x 10–3F – 1.6 x 10–5H2 – 1.01 x
10–6F2 – 8.0 x 10–9H2U – 1.0 x 10–8H2F (1)
where U = mean daily wind speed at 2 m height
(km d–1); H = mean daily relative humidity (%);
and F = upwind fetch of low-growing vegetation
equal to 20 m in this study.

c) Synder (1992): Kp = 0.482 + 0.024 ln(F) –
0.000376U + 0.0045H (2)

d) Raghuwanshi and Wallender (1998): Kp =
0.5944 + 0.024X1 – 0.0583X2 – 0.1333X3 –
0.2083X4 + 0.0812X5 + 0.1344X6 (3)
where X1 = ln of the fetch distance (F) in m; X2,
X3 and X4 = wind speed categories of 175–425,
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425–700, and >700 km d–1, respectively, and
were assigned values of one to zero depending
upon their occurrence (zero for wind speed <
175 km d–1); X5 and X6 = relative humidity
categories of 40 to 70% and >79%, respectively
(a zero value for these variables represent a
relative humidity <40%).

e) FAO/56 (Allen et al.,1998): Kp = 0.108 –
0.0286U + 0.0422ln(F) + 0.1434ln(H) –
0.00063[ln(F)]2ln(H) (4)

f) Constant Kp: this value was determined for
CWRDM, Calicut by the relationship between
ETo and Epan with the data from January 1986
to December 2010.

Kp obtained by the relationship between Epan and
ETo computed using CROPWAT were compared
with the Kp values computed using the six models.
Epan observed were multiplied by the model-de-
rived Kp values to get simulated ETo values.  These
simulated ETo values were compared with the com-
puted ETo to evaluate model performance.  To se-
lect the Kp models for providing the monthly ETo
estimates, several performance criteria were used
including the Nash-Sutcliffe coefficient of effi-
ciency (NSE) (Nash and Sutcliffe, 1970), relative
error RE, and the Willmott index of agreement
(Willmott, 1984). The NSE ranges from – α to 1,
with one indicating that the model is perfect.  The
NSE was computed as shown in the equation:

( )

( ) ⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−

−
−=

∑

∑

=

=
n

i

meanobs
i

n

i

sim
i

obs
i

SE

YY

YY
N

1

2

1

2

1

where Yi
obs is the ith observation, Yi

sim is the ith

simulated value and Ymean is the mean of observed
data, for the constituent being evaluated and n is
the total number of observations.  RE is the ratio
between the total difference and the total observed
value (range: –1 to α).  The smaller the absolute
value of RE, the better performance of the model
is. The index of agreement (d) developed by
Willmott (1984) was used as a standardized measure
of the degree of model prediction error (between 0
and 1).  A computed value of 1 indicates a perfect
agreement and 0 indicates no agreement between
the measured and predicted values.  The index of
agreement can be calculated as shown in the
following equation:
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Temporal trends in Kp, ETo and Epan values were
estimated using the MAKESENS (Mann Kendall
test for trend and Sens’s slope estimates) excel
template (Timo, 2002).

The empirical equations did not predict Kp values
very well (r= < 0.25, Fig.1).  But the ETo computed
using these Kp values showed reasonable agreement
(Fig.1).  The constant value method showed a high
degree of agreement and had low relative error.  But
the NSE value was very less showing poor predictive

Table 1.  Performance evaluation of computed and simulated ETo values for the humid tropical region of Kerala.

Kp Method d NSE RE (%)
Doorenbos & Pruitt table 0.74 – 0.587 20.2
Cuenca 0.75 – 0.428 18.9
Synder 0.86 0.26 10.0
Raghuwanshi &
Wallender 0.73 – 1.453 20.5
FAO/56 0.64 – 1.336 26.1
Kp=1.0 0.89 0.312 0.20
d = degree of agreement, NSE = Nash Sutcliffe coefficient, RE = relative error
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Figure 1. Relationship between monthly Kp values and monthly ETo values computed by Penman-Monteith equation
and estimated by Cuenca and Synder models for the humid tropical region of Kerala.

Table 2.  Trend statistics for Kp, ETo and Epan for the humid tropical region of Kerala.

Time series First year Last year n Test Z Signific.
Kp 1986 2010 25 2.325 *
ETo 1986 2010 25 –2.446 *
Epan 1986 2010 25 –3.956 ***
n = total number of years,  Kp = pan coefficient, ETo = evapotranspiration, Epan = pan evaporation,
* significance level (0.05), *** significance level (0.001)

power.  Using a fixed value is a simple and practical
option to convert Epan to ETo, without the need for
weather data.  However, this value must be
calibrated and updated for each place under different
climatic conditions.  Statistically decreasing trends
(Table 2) for pan evaporation at 0.01 probability
and evapotranspiration at 0.05 were noted.  An
increasing trend (Fig. 2) was observed for pan

coefficient at 0.05 significance level, which explains
the necessity of updating Kp value.  Bottom line is
that:
• Determination of Kp values by the empirical

models used in this study did not fit with the
values calculated using Modified Penman-
Monteith equation.

• Use of a constant value of Kp is a simple and
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Figure 2.  Statistical trend of pan oefficient for the humid tropical region of Kerala.

practical option to convert Epan to ETo,
however, this value must be calibrated and
updated for different climatic conditions.

• An increasing trend was observed for Kp and
decreasing trends were observed for ETo and
Epan in the humid tropical region over time,
implying the need to consider the changing
weather patterns in arriving at the optimal values
of Kp.

• The trend detection study clearly indicated the
need for updating Kp values.
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